The colonization and accumulation of Streptococcus mutans are influenced by various factors in the oral cavity, such as nutrition and hygiene conditions of the host, salivary components, cleaning power and salivary flow and characteristics related with microbial virulence factors. Among these virulence factors, the ability to synthesize glucan of adhesion, glucan-binding proteins, lactic acid and bacteriocins could modify the infection process and pathogenesis of this species in the dental biofilm. This review will describe the role of mutacins in transmission, colonization, and/or establishment of S. mutans, the major etiological agent of human dental caries. In addition, we will describe the method for detecting the production of these inhibitory substances in vitro (mutacin typing), classification and diversity of mutacins and the regulatory mechanisms related to its synthesis.
INTRODUCTION AND REVIEW
The role of mutacins in transmission, colonization and/or establishment of S. mutans Most S. mutans strains produce mutacins (bacteriocins) that are antimicrobial peptides that can inhibit mainly the growth of bacteria genetically and environmentally related.
Some mutacin-like substances present broad antimicrobial spectra and are able to inhibit the growth of indicator strains of medical interest that are resistant to some commonly used antibiotics, as well as Enterococcus faecalis, Streptococcus pyogenes, Staphylococcus aureus and Staphylococcus epidermidis, Escherichia coli and mycobacteria (28, 29, 41, 49) .
The broad spectra of mutacins emphasize its importance in the future pharmacology applications, although more studies are necessary to acknowledge their use as a safe antimicrobial agent (41) .
The ability to produce mutacins by S. mutans may confer ecological advantages to producing strains on other sensitive bacteria in diverse bacterial communities such as dental biofilm and caries (4) . The antagonism probably occurs at the tooth *Corresponding Author. Mailing address: Instituto de Ciências Biológicas e da Saúde da Universidade Federal de Alagoas, Maceió, Brasil.; E-mail: regiannekamiya@yahoo.com.br oral cavity both producing and sensitive strains of S. mutans were isolated.
Several in vitro studies with salivary enzymes (19) have not proven the enzymatic inactivation of mutacins. According to Parrot et al. (46) enzymatic inactivation of mutacins in the oral cavity is limited due to low concentrations of proteolytic substances in this environment.
Saliva does not seem to affect the inhibitory activity of mutacins, because several in vivo studies have reported the most successful colonization of highly producing strains, in the oral cavity of rats and humans (25, 58) . Some groups of researchers support the idea of using mutacins in the control and prevention of dental caries (22, 25) .
In 1985, Hillman et al. (23) observed the persistent colonization of the strain S. mutans JH1001, a producing strain of mutacin with high inhibitory spectra, in the oral cavity of humans, after four or more exposures to it. This experiment showed a positive correlation between the potential for infection in vivo and the levels of mutacin production in vitro.
Based on the selective and ecological properties of mutacins in vivo, Hillman et al. (25) developed bacterial replacement therapy for preventing the development of dental caries in animals and humans. Basically, by constructing a mutant strain of S. mutans BCS3-L1, bacteriocin-producing with broadspectrum in vitro (mutacin 1140) and defective in the synthesis of lactic acid, it was possible to effect the colonization of the producing strain of low cariogenicity in oral cavity of rats and adult humans. The biological activity of mutacins in vivo reduced the rate of caries possibly due to inhibition of more cariogenic S. mutans competitors in the oral cavity, however, many experiments in humans still should be made so that the hypothesis of replacement therapy will be substantiated, as well as highly safe and effective in the prevention of dental caries (25) .
Although Mota Meira et al. (41) demonstrated, for the first time, the in vivo efficacy of a mutacin (B-Ny266) against an experimental intraperitoneal infection by S. aureus in a mouse model, the role of mutacins in vivo in the oral cavity is still unknown. The regulatory mechanisms involved in mutacins production, which will be described later in this review, suggest that producing strains can benefit in environments with highly complex microbial population, such as dental biofilm and caries.
Another important feature that can show the activity of mutacins in the oral cavity is based on the adsorption capacity of active molecules of bacteriocins on the surface of sensitive bacteria through specific or not specific receptors (61) . This characteristic of adsorption and aggregate formation can increase the antimicrobial efficiency of mutacins in situ while maintaining the active molecule in cells sensitive or not adhered to the dental biofilm.
MUTACIN TYPING
About 70-100% of S. mutans strains can produce mutacinlike substances (5, 6, 16, 26, 53) and different from the detected frequency of production, are probably due to the use of different indicator strains and differences in culture media and conditions for testing (53) .
The bacteriocin typing is based on the pattern of bacteriocins production against a set of strains, as well as the Mutacins of Streptococcus mutans sensitivity profile for different inhibitory substances (30, 53) .
This phenotypic method emerged in the 70s during the race in pursuit of global scientific epidemiological investigation of cariogenic streptococci and allowed grouping strains with similar profiles of production and / or sensitivity to bacteriocins, and made it possible to demonstrate the heterogeneity of species (30) . According to Rogers (53) , the high incidence of mutacin production in S. mutans promotes the use of phenotypic typing technique for this species.
The bacteriocin typing of S. mutans is called mutacin typing and according to Arbeit (3) , the technique possesses the basic criteria for typing of microorganisms as well as typeabiltiy (ability to classify the isolates), reproducibility (ability to obtain the same results in repeated analysis) and discrimination (ability to differentiate unrelated strains). From the late 80s on, molecular methods with higher discriminatory capacity improved the epidemiological studies and they have been commonly applied to study the genetic diversity of bacterial species from the oral cavity, replacing the methods for phenotypic analysis.
After the discovery of the direct involvement of streptococci in the development of human dental caries (15, 32) , a global scientific race began in pursuit of elucidating the process of transmission and epidemiology of the major cariogenic microorganisms.
Several scholars engaged in the discovery of possible routes of transmission of S. mutans, the primary etiologic agent of dental caries in order to control the disease. Early studies sought to classify S. mutans in sub-groups related antigenically The analysis of Figure 1 shows that the same strain of S.
mutans is able to synthesize more than one type of antibacterial peptides. The strain S. mutans UA140 yielded three fractions Mutacins of Streptococcus mutans with inhibitory activity after chromatographic tests, then a fraction was identified as mutacins type I (a lantibiotic), and other fractions were corresponding to peptides non lantibiotics (NlmA and NlmB) of mutacins type IV (49) . It has been identified in the strain S.
mutans GS5, the presence and expression of structural genes of two peptide lantibiotics with synergistic activities (SmbA and SmbB) (62) . In our studies, through screening by PCR and expression analysis of structural genes of characterized mutacins, it was possible to identify an isolate of S. mutans able to produce mutacins types I and II, both broad-spectrum inhibitory (28) . Strains such as UA159 having incomplete loci did not produce Mutacins of Streptococcus mutans detectable levels of mutacin K8.
Previous studies had suggested the existence of a high diversity of mutacins produced by S. mutans which have not been identified yet (27, 28) . Analysis of the S. mutans genome sequence 
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REGULATORY MECHANISMS RELATED WITH MUTACIN PRODUCTION
The production of bacteriocins by Gram-positive bacteria is generally associated with the transition from log phase to stationary phase of bacterial growth (8) or the cell density in the culture medium (50) . Such statements may suggest intense bacteriocin activity in dental biofilm, where there is high cell density and complexity.
There is evidence that the mutacins can play an important role in the protection and colonization of S. mutans in the oral cavity, especially in complex environments, such as dental biofilm and caries (4) . The synthesis of broad-spectrum antimicrobial peptides was observed in genotypes of S. mutans Mutacins of Streptococcus mutans isolated from caries-active individuals, who have a resident microbiota more diverse and complex in relation to caries-free individuals (26) . The production of these substances in vivo suggests ecological advantages to the producer strain by replacing the resident microbiota and prevention of invasion by exogenous microorganisms (22) .
In addition, in vitro studies suggested greater biological activity of mutacins characterized in dental biofilm than in saliva, due to increased production of inhibitory substances by sessile colonies grown on solid media compared to planktonic cells, grown in liquid media (34) . The patterns of gene expression and consequently phenotypes developed in planktonic and biofilm state are different, probably due to environmental differences which bacterial cells are exposed to (9) . The regulatory mechanisms involved in mutacins production, as well as cell density, quorum sensing and the interspecies signaling system mediated by autoinducer molecules suggest that producing strains can benefit in environments with highly complex microbial population, such as dental biofilm and caries. In an environment such as the dental biofilm, energy expenditures may be better utilized by producing bacteriocins when the total population density is high and competitors are likely to be present. This may be particularly true for mutacins production, which requires many gene products to make a mature peptide.
CONCLUDING REMARKS
In conclusion, there is great diversity of mutacins unexplored. Many studies showed that these antimicrobial substances may promote the transmissibility of cariogenic species, as well as colonization and stability of S. mutans in the oral cavity. In addition, the regulatory mechanisms involved in increased mutacins production, as well as high cell density, quorum sensing and signaling system of auto-inducer molecules suggest that producing strains can have ecologic advantages in environments with highly complex microbial population, such as dental biofilm and caries.
